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Introduction
Patellofemoral instability is still a challenge for orthopedists, not only because of the diversity and complexity of the causal factors but also because of the large number of therapeutic possibilities. Many authors have taken the view that, in the majority of cases, there is a predisposing anatomical factor that contributes towards the instability and that it is fundamental to recognize this in order to define the best approach. Moreover, displacement of the patella promotes occurrences of other lesions and greater risk of development of osteoarthritis, which also affects the choice of treatment and the prognosis. 1 For many decades, simple radiographs (X-rays) and computed tomography (CT) were the only imaging methods used for evaluating these patients. However, over recent years, magnetic resonance imaging (MRI) has emerged as an auxiliary method for investigating patellofemoral instability, particularly for detecting osteochondral lesions and for evaluating the medial patellofemoral ligament (MPFL). Furthermore, many authors have perceived that MRI also makes it possible to detect predisposing factors and to make a variety of measurements with the same accuracy as CT scans, thus making this the preferred imaging method for evaluating patellofemoral instability in several centers. 2 The aim of this study was to determine the contribution of MRI in evaluations on patients with a clinical condition of patellofemoral instability.
Material and methods
This study was approved by the ethics committee of our institution (Instituto D'Or de Ensino e Pesquisa). MRI scans on 45 consecutive knee cases were retrospectively analyzed. The patients were referred by orthopedists who are specialists in knee surgery, with a clinical condition of patellofemoral instability and a history of recurrent lateral dislocation of the patella. The MRI scans were produced between October 2009 and July 2011, in apparatus of 1.5 tesla, using specific coils for the knee joint. All the examinations included T2-weighted sequences with fat suppression in the axial plane, proton density (PD) weighted sequences with fat suppression in the coronal and sagittal planes, and T2-weighted sequences in the sagittal plane. Twenty-three examinations included additional sequences with T1 weighting in the axial and sagittal planes at flexion of around 20° to 30°.
Areas of bone edema typical of previous lateral dislocation of the patella were sought (Fig. 1 ). These were characterized by increased signal in the T2 and PD weightings with fat suppression, in the bone marrow of the medial portion of the patella and on the external face of the lateral femoral condyle, [2] [3] [4] [5] other areas of bone edema unrelated to patellar dislocation, joint effusion and tendinous, ligamentous, meniscal or cartilaginous lesions. The presence of morphological or joint geometrical abnormalities that would predispose towards patellofemoral instability was also evaluated, 2,6 using the following criteria: a) High patella: Caton-Deschamps index greater than 1.2 ( Fig. 2) . b) Morphological abnormalities in the intercondylar fossa of the femur (trochlea dysplasia), based on the Dejours radiographic classification (Fig. 3) :
Type A -trochlea with morphology preserved, but with a shallow trochlear sulcus (angle greater than 145°). Type B -rectified trochlea. Type C -asymmetrical trochlear facets, with hypoplasia of the medial facet and convexity of the lateral facet. Type D -asymmetry of the trochlear facets, with presence of a supra-trochlear ventral prominence greater than or equal to 7 mm. c) Lateral inclination of the patella: normally, the lateral facet of the patella forms an angle with the posterior bicondylar line that is open laterally and greater than 8° in flexion (lateral inclination angle). Patellae with a lateral inclination angle that opened laterally but was less than or equal to 8° on axial images obtained in flexion were considered to be inclined. If the only images available were axial, in extension, the patellae were considered to be inclined if their inclination angle opened medially or if the lateral facet of the patella was parallel to the posterior bicondylar line (Fig. 4) . d) Lateral displacement of the patella: this was only evaluated in the 23 cases in which images acquired in flexion in the axial plane were available, since lateralization of the patella in extension may be physiological. Patellae that did not fit into the trochlea in flexion and with the medial margin lateralized in relation to a line perpendicular to the bicondylar line, in the plane of the medial eminence of the femoral trochlea, were considered to be displaced (Fig. 5 ). e) Increased TA-GT distance: this measurement was evaluated only in the cases in which the image acquisition in the axial plane included the insertion of the patellar ligament into the tuberosity of the tibia. The technique used was based on the criteria of Bernageau and Goutallier, but done with the knee extended and adaptation to the magnetic resonance images, as described in the literature:7-9 firstly, a line was traced out tangentially to the posterior femoral condyles (posterior bicondylar line). Then, two lines were traced out perpendicular to the posterior bicondylar line: one going through the center of the base of the trochlea (line GT), in the plane in which the intercondylar region has the shape of a Roman arch; and the other going through the center of the patellar ligament (line TA), in the plane of its uppermost insertion into the tuberosity of the tibia, in the first slice in which no fat was identified between the patellar ligament and the cortical bone of the tibia. The distance between the lines TA and GT (TA-GT distance) was measured in millimeters, and this was considered to be within normal limits when it was less than or equal to 15 mm 9 ( Fig. 6 ).
The images were analyzed by two radiologists with more than five years of experience of musculoskeletal radiology, and reports describing the abnormalities encountered were issued. The main findings and their prevalences are detailed in Table 1 . Signal abnormality in the subchondral bone of the patella 7 15
Patellofemoral arthrosis 5 12 Morphological or joint geometry abnormalities: 33 73
High patella 24 53
Laterally inclined patella 25 56
Laterally displaced patella* 13 (23) 29
Trochlear dysplasia 23 51
Increased TA-GT distance** 11 (26) 24
Lesion of the medial meniscus 2 4
Fracture of the head of the fibula 1 2 * measurements made on 23 knees; ** measurements made on 26 knees. 
Results
MRI scans from 45 knees (n = 26 (58%) on the right side and n = 19 (42%) on the left side) were analyzed. These were from 39 patients (six presented bilateral clinical conditions and underwent MRI on both knees), of whom 19 were men (42%) and 26 were women (58%). The ages of the patients studied ranged from 14 to 53 years, with a mean of 29 years (±10) and median of 28 years. Twenty patients (44%) presented a bone contusion pattern typical of recent lateral transitory dislocation of the patella, in association with joint effusion. One patient presented bone edema relating to an impacted fracture in the head of the fibula, along with signs of recent transitory dislocation of the patella.
Signs of lesions of the patellofemoral ligament were identified in 13 patients (29%), and all of these patients also presented bone edema characteristic of recent dislocation of the patella, with presence of joint effusion and fluid infiltration adjacent to the medial retinaculum.
Thirty-six patients (64%) presented chondral lesions; patella cartilage lesions were identified in 29 patients (51%); and in seven cases (15%), a lesion in the femoral cartilage was also observed. A detached osteochondral fragment could be identified in four of the patients with patellar cartilage lesions. Edema of the subchondral bone relating to chondropathy was identified in seven patients (15%), while five patients (11%) presented signs of patellofemoral arthrosis, with reduction of the lateral patellofemoral joint space and presence of osteophytes. The ages of these five patients ranged from 29 to 53 years (mean of 44 ± 10 years). None of these patients presented any signs of arthrosis in the femorotibial compartment.
Morphological or joint geometry abnormalities that predisposed towards patellofemoral instability were found in 33 cases (73%), and these were characterized as follows: high patella (n = 24; 53%); lateral inclination of the patella beyond the physiological limits (n = 25; 56%); patella displace laterally (n = 13; 29%); and trochlear dysplasia (n = 23; 51%).
An increased TA-GT distance was found in 11 cases (24%), although this measurement could only be made in 26 knees (58% of the cases), because of non-inclusion of the insertion of the patella ligament in the tibial tuberosity, in the axial plane, in 19 cases.
Seventeen patients (38%) presented edema in the superolateral portion of the infrapatellar fat.
Discussion
Patellofemoral instability can be classified as acute or chronic. Acute instability is characterized by traumatic lateral dislocation of the patella and mainly affects adolescents and young adults. Up to 44% of these patients evolve to chronic instability. 6, 10 Chronic instability comprises episodes of recurrent dislocation, with greater risk of development of osteoarthritis. 1, [10] [11] [12] In the present study, only patients with a history of chronic instability were selected. Their mean age (28 ± 10 years) was similar to what has been reported in the literature, 10, 13 with predominance of female patients (58%). In the present study group, 44% presented a bone contusion pattern typical of recent dislocation of the patella.
Many authors have taken the view that in most cases of chronic instability, there is a predisposing anatomical factor, and that the more intensely that these factors are present, the lower the intensity of the trauma required for dislocation to occur will be. 1, 2, [12] [13] [14] The commonest predisposing factors are trochlea dysplasia, high patella and lateralization of the anterior tuberosity of the tibia, and recognition of these bone abnormalities is fundamental for defining the prognosis and for achieving the best therapeutic management. 1, 2, 15 For a long time, radiographic studies on the knee in anteroposterior, absolute lateral and patellar axial views were the main imaging methods available for evaluating the femoropatellar joint. These methods were fundamental for developing concepts relating to the dynamics of the extensor mechanism and for detecting morphological abnormalities of the trochlea. 1, 4, 12, 15 However, radiographic studies performed in isolation present some important limitations. It is not very easy to obtain images in absolute lateral view, 16 particularly without using fluoroscopy. The lateral view needs to be acquired rigorously, in order to adequately analyze the trochlea, given that rotations of just 5% may generate false positive or false negatives regarding trochlear dysplasia. 14 Lateralization of the tibial tuberosity has also been implicated in instability, and measurement of the TA-GT distance has become critical data in making therapeutic decisions, since this enables quantitative analysis that is more reliable than the clinical examination. However, this measurement is also not accurate when made by means of radiographic images, as was demonstrated in the study by Wagenaar et al. 17 For these reasons, CT scans have often been used in association with radiographic studies in evaluating these patients, since this enables measurement of the TA-GT distance, along with assessment of the positioning of the patella and the morphology of the trochlea. 9, 12, 15, 18 Over the last few years, MRI has also emerged as an auxiliary method for investigating patellofemoral instability, particularly for detecting osteochondral lesions and for evaluating the MPFL, given that X-rays and CT scans are used primarily for bone assessments. 5, 10, 13, [19] [20] [21] Cartilage lesions of the patellofemoral compartment are generally related to instability, 5, 20 as also observed in the present study, in which chondral lesions were found in 64% of the cases. MRI presents sensitivity of around 90% for detecting osteochondral lesions in the knee, which may go unnoticed on X-rays in up to 60% of the cases, thus justifying performing MRI among these patients. 2, 5 Lesions of the joint cartilage predispose towards early arthrosis, and this was observed in five patients (12%), with a mean age of 44 ± 10 years.
MRI also presents excellent results for detecting lesions of the MPFL after acute dislocation of the patella, with estimated sensitivity of up to around 85%. 2, 6 In the present study, lesions of the MPFL were detected in 29% of the cases, although it has to be emphasized that in all of these cases, there had been a recent episode of dislocation of the patella, with presence of joint effusion and fluid adjacent to the stabilizing structures of the medial compartment, which seems to facilitate detection of fiber discontinuity. Further studies will be needed in order to evaluate the accuracy of MRI for identifying lesions of the MPFL in cases in which there is no recent dislocation.
With greater use of MRI among patients presenting instability, several authors have noticed over recent years that MRI not only has good accuracy in detecting lesions of the cartilage and soft tissues, but also enables detection of predisposing factors. 2, 14, 16, 18, 22 In fact, in the present study, anatomical or joint geometry abnormalities that were considered to be predisposing factors for patellofemoral instability were identified in 73% of the cases. Trochlear dysplasia, which is considered to be one of the main risk factors for instability, 21 was present is more than half of the cases and was easily identified using MRI, thus confirming the results from several authors who had stated that MRI was an excellent method for diagnosing trochlear dysplasia. 2, 14, 16, 21, 22 It was also possible to identify high patella and patellar inclination beyond the physiological limits in 53% and 56% of the cases, respectively, thus confirming the high prevalence of morphological abnormalities of the trochlea and of patellar positioning among these patients.
Measurement of the TA-GT distance is one of the main reasons for requesting tomographic evaluations among patients with patellofemoral instability. 9, 12, 15, 18 With the growing need for evaluation of ligament and joint cartilage integrity, many patients have started to undergo three types of imaging diagnostics: X-ray, CT scan and MRI, which increases the cost. This has led many authors to try to adapt the measurements made using CT, including measurement of the TA-GT distance, for MRI, with excellent results. 1, 2, 10, 14, 16, 18, 22 Although comparison between the findings from MRI and CT scans was not among the objectives of the present study, we can affirm that it was possible in the majority of the cases to identify the main morphological and joint geometry abnormalities that predispose towards instability.
However, MRI also presents some limitations. Because it is an operator-dependent method, the images are not always acquired in an ideal manner such that measurements can be made in accordance with the criteria established in the literature. This was found in the present study, in which it was not possible to measure the TA-GT distance in 42% of the cases, because of failure to identify the insertion of the patellar ligament on images in the axial plane. One attenuating factor was the fact that a large portion of these patients had already undergone CT examination previously, with tomographic measurement of the TA-GT distance, and MRI was only indicated for detection of other abnormalities. Nonetheless, this indicates that unless special attention is given to inclusion of the tuberosity of the tibia in the axial plane, it can easily be excluded from the study. Another limiting factor of MRI is that because of the physiological lateralization and inclination of the patella in extension, evaluation of these parameters should be done with the knee flexed, which is not part of the habitual routine of MRI on the knee and is not possible on any equipment. For this reason, the examination needs to be guided by a radiologist who is familiar with the recommended protocols for evaluating instability by means of MRI, as well as the need for availability of apparatus and coils of a design that allows image acquisition in this position.
Despite these limitations, the capacity to combine evaluation on bone, cartilage and soft-tissue structures has meant that in many centers, MRI is today considered to be the preferred imaging method for evaluating patellofemoral instability, thus replacing CT, with the additional benefit of not exposing patients to the risks of ionizing radiatioin. 2, 18, 22 
Conclusion
This study demonstrated that MRI contributed towards making the diagnosis, detecting factors that predispose towards instability and identifying lesions that tend not to be identified on X-rays and CT scans, such as cartilaginous lesions and those of the MPFL. In addition, this study also demonstrated other unsuspected lesions, such as fractures of the head of the fibula and meniscal lesions in some cases. However, further studies comparing the methods will be necessary in order to determine whether MRI is really capable of replacing CT scans in our setting.
